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Introduction

In the design of an information system for lunar programs for the

Planetary Quarantine Officer of NASA [7], there is described a mathema-

tical model called the "Probability-of-ldentifylng-All Model". This

model is one which estimates the probability that all species of micro-

organisms on an Apollo module have been identified by the environmental

and surface sampling done by the Spacecraft Bioassay Laboratory of the

Public Health Service at Cape Kennedy. This document describes a simple

model which could be used for this purpose. It will also provide informa-

tion which will be useful to the Planetary Quarantine Officer in establish-

ing sampling protocol.

Many works in statistics have approached the problem of estimating

the unknown number N of mutually exclusive classes (species of microorganisms)

into which a population of size M (number of microorganisms) is divided,

but none are entirely applicable to the model we have just described.

Goodman [3] has considered this problem when the total population size M

is known and tsflnite. He also assumes that the maximum number of

elements in each of the N classes is known. For his work to be applicable

to Apollo is impossible because of the biologically uncontrolled environ-

ments which the Apollo modules see at Cape Kennedy and because the

limit obtained by letting these numbers become unbounded is not within

the scope of his work. This work could prove useful at a later date in

laminar flow situations where the total number of microbes is controlled

and may be known.

Another form of a solution to this problem is sequential sampling

methods. Several authors have looked at these methods [1,4]. Sequential
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methods have the disadvantage that they are not useful in the determination

of sampling protocol since the number of samples needed will change as

sampling proceeds. One of these methods may be useful in the applications

described in the information system design.

Obviously, we could not hope for a model which would determine, in

advance of the actual sampling, the number of samples needed, independent

of the number of species of microorganisms we expect to find. Thus, this

document will outline a model which, even though it is not all that is

desired, is simple to understand and which does provide the information

needed in establishing sampling protocol.

The Model

Let N represent the number of species of microorganisms which are on

a given surface or in a given environment. Let us suppose we sample one

microorganism at a time and identify the colony which it produces. Suppose

we record this observation. What we shall first attempt to calculate is the

probability Pn,N that all N species of microorganisms have been observed

after identifying n colonies. In order to do this weassume that the number

of microorganisms of each specie is la_rq.e_en_oughthat this sampling without

re_.ep_la_cementis approximated b_____s_in_ with rel_13cement. Since we do not

have any better information, wewill also assume that equal numbers of each

s__pecieof microorganism exist in the environment. The author is well aware

of the fact that these assumptions may be open to challenge but feels that

they are approximations to the actual situation which yields useable results.

Let us consider first the event that one specie has not been identified

after identifying n colonies. The n colonies are chosen at random and must

be divided among the N-l remaining species. Since all N species are
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are equally likely, this can be done in (N-I) n different ways. If two

species go unidentified, then the observed colonies divide themselves

among the N-2 other species in (N-2)n ways, etc. Since the total number

of ways in which the n colonies are divided among the N species is (N)n

it is easy to see that the probability that any one specie goes unidentified

is

,,N)n

Generalizing this we see that the probability that any k species have gone

unidentified *after sampling n colonies is

Pk = [_1 (l"k/N)n' k = 1,2, ....

Thus

- (-I) k (l-k/N) n (I)
Pn,N k=_O

If N is known, this provides the desired probability. Through their own

experimentation and that of others, the Public Health Service already has a

good estimate of the number of species it expects to find, and since there

is a finite (even though constantly changing) number of species, which have

been identified by microbiologists around the world, we shall assume that N

is known. Observe that as N increases Pn,N decreases and thus a conserva-

tive estimate of N is best.

Before going on to an application of this model in the determination

of the number of colonies which we must observe in order to estimate the



qualitative bloburden on an Apollo module, it is necessary to point out that

equation (1) is not new, but arises in "ball in urn problems" [1,2].

Sam2ltng Procedures

Suppose we wish to determine the smallest number of colonies _ for

which Pn,N _ _' where _ is preassigned and 0 < _ < 1. Feller [2] shows

that if N,n + = in such a way that Ne-n/N + x where 0 < x < =, then

-k (2)
PN,n ÷ e .

If N ts large, this yields the result that

= N Ln N + yN + O(N) (3)

where y is determined by the equation e"e'Y - a.

Our approach to the determination of sampling procedures has been to

select representative values for N and _ and using the GE 435 to compute

corresponding values of B. (Other researchers may elect to keep another

combination of two of the three parameters fixed and solve for the third).

Table l gives some of the values of y for some typical values of

a computed using Newton's method. This will be useful for those wishing to

perform other calculations. Table 2 gives B for various choices of N and _.
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Table 1 Solutions of e-e

.5O

.70

.80

.90

.95

.99

Y

•366513

l•03093

l.49994

2.25037

2•9702

4.6001 5

I (l

Table 2 - Values of h for Fixed Values of N and

N\a .50 .70 .80 ; .90 .95 .99

50 214 248 271 309 345 426

lO0 498 564 611 686 758 921

200 I133 1266 1360 1510 1654 1980

500 329l 3623 3858 4233 4593 5408

1000 7275 7939 8408 9159 9878 11508

1500 I1520 12517 13220 14346 15426 17871

2000 15935 17264 18202 19703 21143 24403
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Conclusions

Throughout this paper, the sampling space which we have used is the set

of microorganisms in the immediate vicinity of the Apollo modules which can

be identified by the procedures used by the Public Health Service at the

Spacecraft Bioassay Laboratory at Cape Kennedy [5]. There are microorganisms

which are known to exist and which cannot be identified using their methods.

Whether these microorganisms are present in the areas surrounding the Apollo

modules is unknown since no one has attempted to identify them in that environ-

ment. This class of microorganisms is probably small and most of the micro-

organisms in which the Planetary Quarantine Officer is interested in identifying

are not excluded from our sample space because of the procedures used to

identify the colonies.

Aspects of the protocol used by the Spacecraft Bioassay Laboratory

which will effect the conclusions reached by our model are basic in their

handling of the samples. We can depict the important parts of their pro-

cedures for this discussion schematically as follows:

-_---)Grown under aerobic conditions.

I I -->Heat Shock---)Grown under aerobic conditions.
Sample j_ Grown under anerobic conditions.

--)Heat Shock---)Grown under anerobic conditions.

The belief has been expressed that the qualitative (and perhaps the

quantitative) properties of a sample can be changed during ultrasonication

and heat shocking. It could also happen that the incubation conditions

could change the qualitative properties of microorganisms. Since quantitative

information about the qualitative changes which take place as a result of

these steps is not available we shall omit them for now.



The purpose of the heat shock and the different conditions under which

the sample is incubated are to prevent colonies from growing unless they

fall into a particular category. The assumption which we have made covering

these steps implies that this is what is accomplished. If we also assume

that the divislon of the sample into four parts is exact, then the probability

of a colony growing once it has been removed from the spacecraft is I/4.

Assuming, as we have, that all speciesare equally likely and that the sampling

is random, the probability of a microorganism being removed and growing into

a colony is equally likely for every specie. Thus, our sample space (which

are those that can be removed and identified) is the same as those which can

be removed, and the probability of this is equal for every specie in which

we are interested. This satisfies the conditions of our model.

From private conversations with representatives of the Public Health

Service at Cape Kennedy [6], we find that at the present sampling rates on

the various modules, they identify between four and five thousand colonies

on each module. This means that they are capable of identifying 400 to 500

species with a probability of .95. If they feel that there are only 300

species of microorganisms which they wish to identify and if they wish to

identify these species with probability .80 as has been mentioned by some,

this means they can reduce their qualitative identification by fifty percent.

If one is conservative and assumes that all species of microorganisms

capable of growth with current protocol exist in the areas surrounding the

Apollo modules, then N may be between 1500 to 2000. This would mean an

increase of four to five times the present identification rate in order to

work at 99% confidence. Under the present sampling protocol they are operating

at less than 50% confidence for this number of species which is probably

not satisfactory.
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